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AEROSPACE SIMULATION CENTER

Background &Support Capabilities
Simulators

Test Systems

Mission Support Systems

A. J. Mauceri, Director
Aerospace Simulation &

» Systems Test Center
Engineering

‘ l‘ Rockwell International 1
1/5/90

Space Transportation Systems Division
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AEROSPACE SIMULATION CENTER h

o Provides Support To:

Strategic Defense Center
SABIR
ASAT

North American Aircraft Division
X31
B-18
Hypersonic Vehicle Simulation

Space Transporation Systems Division
Hypersonic Vehicle Simulation
GN&C Test Station

o STSD named Aerospace Simulation and Systems Test Center (ASSTC)
for Rockwell International Aerospace Operations

lonai

Space Transponation Sysiems Division
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1/5/90
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ASSTC BACKGROUND &
SUPPORT CAPABILITIES

N

Space Transportation Systems Division

1/5/90




Environment

Simulation Systems

Avionics & Payload Test

Real-Time Mission Support

Artificial Intelligence and Expert
Systems

Man / Machine
Interface

Automation & Robotlcs

Hardware/Test-System
Development

ASSTC Laboratory Environmentsl

Examples

Non Real-Time & Real-Time Vehicle & System Full Mission Training
Using Man-In-The-Loop Math Model or Hardware/Software Verification

Subsystem/LRU Testing and Breadboarding,
Payload Integration and Compatibility

Flight Support and Ground Checkout Suppornt
Air-To-Ground Communications / Protocoi
Secure Systems

Real-Time Process Control
Autonomous Robotics
Adaptive Control Systems

Interactive Display and Control Developmaent
Human Enginesring Studies

Crew Procedures, Familiarization and Training
Natural Language Interfaces

Robotics Research, Vision System Development
Space-Based Construction and Servicing
Man-In-The-Loop Operations

Microprocessor Systems

Data Link and Telemetry Communications
Hardware Simufators

Avionic System Interfaces

Deliverable Test Systems and

Remote Checkout Systems

Rockwell international
Spacs Transportation Sysiems Division

N

4
1/5/80

ASSTC Facility I
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SADIR SIMULATION
COMPUTER MAINTENANCE
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KEW NREANGIARDY
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ASSTC Supports Complete Life Cycle of a Program

Explovanon Do alidation "4 Production Operations
Functions O Avionic TestBed | 5w & Man-in-the-Loop | O Mission Support
O Feasibility Analysis | O Brassboard Simulation Systems
O Requirement Simulator O Cockpit Design O Mission Procedures
Definition O Parameter Verification Development
O Trade Studies Optimization O Flight SW Validation

O Integrate Tightly O Crew Training

O Modeling Coupled Engine, O Avionic Development | o Depot Operations
o) Aéchitecture Airframe, GN&C | © ‘:C"g::p"a'mﬁ‘sw O Launch Processing
ynthesis Models for Q Payl P i
| O Man-Machine VF Evaluation O Test & Checkout ayload Processing
Projects O DD&R Room
O HSVSimulator | O HSV Simulator O B:18 Checkout O Forward/Aft Cockpit
m
O KEW Breadboard | O Shuttle Simulator (DBIS. CEMU) O Shuttle Close Loop
Simulator O KEW Brassboard Imulation
X - O Shuttle O ATE for RSC
O Shuttle Slmulator Simulator Man.in-!he.Loop .
O ETEEM O Multipurpose Avionic Simulator O CéTEt:r:gmentaUOn
O Controls & Displays TestBed (IR&D) | o shuttie Avionic Test o OPYF/LPS
O Space Station Set

Augmentation Study

k Cupola O Expert Systems /

‘ L‘ Rockwell International

Space Transportation Systems Division 1/5/‘90
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' Typical ASSTC Simulation Systemsl

ANALYSIS AND DESIGN SYSTEM TEST AND INTEGRATION SYSTEM VERIFICATION
Integrated System
Math Mode! Simuilations Hardware in The Loop Testing / Vefi?lca[ion ¥'gst|ng
Real Time Continuous Simulations

O Real Time, Closed Loop,
O OMV/RMU O Shuttle LRU Open Loop Tests Hybrid Simulator

O SBKEW ‘ SIT, DIT, FAT O Mission Validation
O Szrgciural Dynamics O Anomaly Resolution
Strategic System Architectures O Flight Suppon
O SODSIM O STRADEM O ETEEM Space Shuttle

Verification Simulator

Image Sensor Autoprocessor
O Video Recording of Simulated Flight

Man-Machine Interface Over Terrain Model TURNKEY Systems
O Controls and Displays O Tape Used as input to Image O CEMuU: B-1B
O Space Station Cupola Processor for Target Recognition Flight Line
Studies Verification &
Maintenance
Systems
Deliverable HWIL Systems CAPSIM
O CAS 1283 Q U;es Pre-Recorded
d PRIS Sim Data to Stimulate
GNA&C System
| 1
gMASssim:;Iaﬂons ° gSTTSA 283 O Regl T‘cm_e SW Execution In
Techniques O DBIS (B1-8 Production C/O & Test) i;"‘-f_ﬂ ;‘F";‘:‘V Emulation of
O Payload Deployment ATE ualtig
Operations
‘L‘ Rockwsll international o 8
Spacse Transponation Systems Division 1/5/90

Shuttle Deorbit-Rollout Man-in-the-Loop Simulator
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[ SABIR Simulator Block Diagram r

SIMULATION [ TARGET SIMULATOR/ |
HOST COMPUTERS SCENE GENERATOR Ls::xu BAASSBOARD j "1

SIMULATION CONTROL SCENE IR SCENE AL OPTICS & SEEKER
SYNC / MODING aeneRATOR [T provECTOR MU FOCAL PLANE ?[" proSHAL
DATA COLLECTION /‘ I l ESSON
INITIALUZATION OF DATA
TARGET TRAJECTORY V4 ? =
RELATIVE GEOMETRY SEENER MATH
EARTH MODEL f MODEL
FORCES & MOMENTS KHILS ONLY
PROPULSION MODELS
MASS PROPERTIES
VEHICLE EOM
MU
ICS INTIALIZATION
GUIDANCE/NAY -
;.'m' T UED:E‘é: “" TROL INTERCEPTOR COMPUTER
HI-Fl SEEKER SYSTEM (ICS)
— N I

+ GUIDANCE / NAVIGATION <

« ATTITUDE CONTROL _

SUN SYSTEM 1 e
I MATH MODELS
8/8 DATA COLLECTION
REAL TIME DATA DISPLAY r
LEGEND
[T] MATHMODEL ] S™ HARDWARE

[T COMPUTERSIM [} SYSTEM ELmewy

' L‘ Rockwall International 10
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DOME (X31) REAL TIME SIMULATOR

BAQJECTORS

VISUALS
2 BACKGROUND 24' DOME
GOULD CT6 IMAGE 1 AREA OF INTEREST
32/67 GENERATOR 2 TARGET

SIMULATION, CONTROL & DATA ACQUISITION

r—

| SUNS STRIP CHARTS
AD100 MONITORS
1553 BUS 1O'S
VAX 11/780
— —] .
Rﬁffg f,g%s (ALL DIGITAL)|  2D0rS, HUD
S CONFIG ELIGHT CONTROLS
CENTER STICK
* Q FHILS SIDE STICK
HARDWARE IN THE LOOP RUDDER PEDALS
SYS TEST (H/W IN LOOP)
CONSOLE PC FLIGHT CONFIG
(INTERFACING) COMPUTERS, LRUS

- -
‘x‘ Rockweil international 11
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' HSV SIMULATOR ALLOCATION DIAGRAM

GOULD 9781A COCXPIT DISPLAYS REQUESTS
Eo':m GEOMETRY [ CT6 VIDEO
A Y 2000 |{w OTHER VIDEQ
BUMANCE Laws seow | POLY 2000 1| vore DISTRIBUTION [ Siepiars
FLIGHT CONTROL DISPLAYS | | CONSOLE .
AEACTION JETS OMS — BM AT
WIND, GUST TURBULENCE
FUEL SLOSH OYNAMICS FPS 5400 AP VIDED coscpmzvrs
MASS PROPERTIES oISPL
RATE GYROS FORCE ACCOUNTING
ACCELEROMETERS AERODYNAMICS COCKPIT PC DISPLAYS |
AIR DATA ENGINE AHC & SWITCHES
R NOMIRAL $/8 & B/F CONT
CONTROL SURFACE
ACTUATORS UNCERTAINTIES RUDODER PEDALS
GEAR AERD BRAKE PEDALS
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oaTh CONTROLS 0 OaC ' 1 SIMSTAR |
r ! ROT EOM
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DATA DISPLAY i . ENGINE DYNAMICS
PRESTON i
LM'ZXZ ADC & DAC
] OPTIMAL
TRAJECTORY ocy
PLANNER
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TEST SYSTEMS

\_ .

A
‘ L‘ Rockwell internationsi 14
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/— Ground System Designs Have Evolved '—'\

APOLLO eommmeesmendy SHUTTLE DOTAE $ SHUTTLE OPS

CHANGEOVER TO 0PS

N\
o

el
Koo
OeCaowt

DESIGN ABUILD ADL TEST STATIONS

CURRENT APPLICATIONS

DESIGN & BUILD FLIGHT
SIMULATORS & INTERFACE
EQUIPMENT

‘ l‘ RAockwel imernational

15
Space Transportation Systems Division 1/4/90



Layered, Building Block Approach to Program Support

TESTER

SIMULATION
DATA REDUCTION

DATA DISPLAY
POST-PROCESSING
QUICK~-LOOK
REAL-TIME

MANUAL
INTERACTION

ATIONS
EXECUTION

‘ k‘ Rockwell international 18

Space Transportation Systems Division 1/4/90

Building Block Architecture Provides for Transportability
of Data, Procedures, and Knowledge-

OPERATIONAL
SUPPORT
SYSTEM

TEST DATA
8T PROCEDURES
PRODUCTION TEST REPEATABILITY
TEST FAILURE REPLICATION LAWSAU
SYSTEM > DEPOT

e

OPERATIONAL ENVIRONMENT

DEVELOPMENT ENVIRRONMENT

INTEGRATION
LABORATORY

ANUFACTURERS
SYSTEM LEVEL SUPPORT
TESTER EQUIPMENT

REQUIREMENTS
LOGISTICS & ENGINEERING

’L‘ Rockwell International 17
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Automatic Test Equipment for RSC at KSC $27M

O Test And Verify Line Replaceable Units (LRU's) And Shop Replaceable Units (SRU's) For
Space Shuttle Electrical/Electronic Elements

Functional (Performance) Testing To OEM's Acceptance Test Procedures {Minimum)
Fault Isolation And Diagnostics
Thermal And Vibration Testing

O System Was Spec’ed To Test 47 Different LRU's (150 Configurations)
MDM s First Case - 3-90

O ATE System Is Comprised Of 4 State-Of-The-Art Computer Systems
Traceability System - SUN Microsystems And IBM PC’s With NASTEC Case 2000

Program Development Station - Development And Test Of Application Software And Databases -
HP9000/350

Automatic Test Station - LRU And Selected SRU Test Execution - HP9000/330
SRU Tester - HP1000/A400
O Rockwell Will Develop And Integrate System
Test Requirements Documents
Interface Test Adapters
Test Procedure Code (ATLAS)

System Support Software (Database Access, Networking, Critical Parameter Monitor, Report
Generation

‘L' T 18

Space Transportation Systems Division 1/5/90

Shuttle Checkout System

/ SHUTTLE PROCESSING AUGMENTATION

O Based on ACE Replacement Study
- Designed System Architecture
- Use Existing IR&D Developed Software
Currently Being Applied in DDR Workstation Upgrade

O Potential Applications for KSC
- Replace Cargo Integration Augmentation System

O Supports Muitiple Programs
- West Coast Check-out/Refurbishment Facility (Palmdale)

- OV-106
- Shuttle-C

O Current Activities
- IR&D Funding for Demonstration Development
- Commercialization of Ground System to Support Multiple Programs

%

—
‘L‘ Rockweil International 19
Space Transgoriation Systems Division 1/5/90
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MISSION SUPPORT SYSTEMS

\_ /

‘ L‘ Rockwell Imernational 20

Space Transportation Systems Division 1/5/90

| Data Display and Review (DDR) Room h
APPLYING SYSTEMS CONCEPTS TO SHUTTLE SUPPORT
O Member of Emergency Mission Control Center (EMCC)
- MILA Data Link Independent From JSC

O Real-Time Monitoring of the Vehicle During Mission & Pre-Launch
- Prvoide Subsystem Engineers visibility on Vehicle Performance
- Processing of Two Vehicles simultaneously
- Real-time Data Processing and Displays
- Post Processing

O Currently Upgrading DDR to Workstation (SUN) Architecture
- Architecture Has Front End Processor, Server, and User Workstations
- Rehost of MEWS Software From MER on Sun 4 for Use in Downey
- Dataview Display Builder for User Configurable Displays

/

‘l‘ Rockwell (nternational 21
1/5/90

Space Transporiation Systems Division




Data Display & Review (DDR) Room (continued)

O  IMU Pre-Launch Monitor / Rockwell Inertial Monitoring System (RIMS)
- Monitors IMU Calibration and Alignment

Real Time Analysis of State Data and Graphical Display

Determines Acceptable Duration of Orbiter On-Pad Holds

O Palmdale-Downey Data Link for OV-105 Checkout

O Real-Time Expert Systems (IR&D)
- Multi-Level Expert System Architecture
Subsystem Specific Expert Systems being Developed are:
OMS, SSME, ECLSS, Fuel Cell, EPD&C
- Flight Anomaly Manager Expert System
Flight Director, Room Captain

\_ /

‘ ‘ Rockwell internationat
Space Transportation Systems Division
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Trends in Simulation Design

O Simulation Support
O Simulation Software
O Simulation Hardware

D. Hernandez

Senior Technical Specialist
Aerospace Simulation &
Systems Test Center
Engineering

DY —

Space Transponation Systems Division



Simulation Support

‘ k Rockwell Internationsl

Space Transportation Systems Division

Key Simulator Design Drivers

Support the Strategic Business Plan

Rapid Response to Marketing & Project Needs
Cofporate Image Enhancement

Good Return on Investment

Support All Project Phases Efficiently

Support Program Life Cycle Test & Evaluation Activities
Good Support of Critical Issues Resolution

Development and Operational Risk Reduction

O O O OO0 0O O 0 O

Produce a Good Product, on Schedule, at a Lower Cost

Y

Space Transportation Systems Division



Program Life Cycle Test & Evaluation Activities

OPERATIONS
DEPLOYMENT &
PRODUCTION &

PAODUCT
PAOVEMNENT

CONCEPT
EXPLORATION

+ OPS. READINESS T & E
« TRAINING / PROC. DEV.
* ANOMALY RESOLUTION
* MODIFICATIONS T & E
* C/ L VALIDATION
« ACCEPTANCE

OOIFICATION
UFDATES

* DISCRETE-EVENT SIM

* NON-REAL-TIME BiM

* OFF-LINE SIM

+ BREADSOARD DEV. / EVAL
+« CONCEPT EVAL

* FLIGHT TESTS
+C/LSYSTEMTAE
e HW / SW INTEGRATION
+ ACCEPTANCE
« CONFIG. ITEM CHECK OUT
+* ENVIRONMENTAL
*SURVIVABILITY
*RELIABILITY
*QUALIFICATION

FULL +SUBSYSTEM
pthPORNANC +*COMPONENT
DEVELOPMENT

<« REAL-TIME SIM
¢ OFF-LINE SIM
* BRASSBOARD DEV. / EVAL.
+ TECHNOLOQY TYESTS

+ OPEN-LOOP TE3TS

* HWIL SIM

OPERATIONAL
EYALUATION

SASELINE
OEFINITION
{SPECS)

QEsION
EVALVATION

OEMONSTRATION
VALIDATION

SCALE

DETAILED
DESKIN

‘L‘ Rockwell International
Space Transportation Systems Omson

The Full Spectrum of Simulation/Testing Capabilities is
Needed to Satisfy The Test and Evaluation Hierarchy

(Antisatellite System Example)

MODELING SPECTRUM
AND SIMULATORS SIMULATORS TREND & CAPABILITY ASAT_SIMTEST HIERAACHY ANSWER
DISCRETE-EVENT PERFORMANCE
MODELS A EVALUATION STRATEGIC EXCHANGE
DOMINANCE
MORE OBJECTS
A REPRESENTATION
« ETEEM SD! ARCHITECTURE WHAT
NON-REAL-TIME
+ OSPREY EXECUTION
+ NEMESIS MORE ABSTRACT ASAT ARCHITECTURE
MODELS FULL SYSTEM & ENVIRONMENT
MIXED MODELS
INCREASE MODEL ASAT & SUPPORT SYSTEMS
FIDELITY WITH ENGAGEMENT

+ ASAT SIM

FINER GRANULARITY
« EXPERIMENTS

L MORE DETAILS ASAT & SUPPORT SYSTEMS

LESS OBJECTS

. LAB TEST HOW
MORE HARDWARE:IN-

4 THELOOP ONE ASAT

CONTINUOUS REAL-TIME

MODELS EXECUTION

DOMINANCE ASAT SUBSYSTEMS

‘L‘ Rockwell International

Space Transportation Systems Division



Combined Simulation Framework Can Better
Support All Program Phases

VERIFICATION
DESIGN & VALIDATION PRODUCTION OPERATIONS

COMPUTER COMPUTERS
(NONREAL-TIME) { =~ (NONREAL TIME

COMPUTERS I COMPUTERS l
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REAL/NONREAL-TIME SIMULATION FRAMEWORK

WITH HUMAN & HARDWARE IN THE LOOP
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‘l‘ Rockwell International

Space Transporiaiien
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Combined Discrete-Ctmtinuous~ Simulations
Increase Simulator Fidelity and Capabilities

COMBINED DISCRETE-CONTINUOUS SYSTEMS

THE STATE-OF-THE-SYSTEM MAY CHANGE
DISCABTELY, CONTINUOUSLY, OR CONTINVQUSLY
WITH OISCRETE JUMPS SUPERIMPOSED

L"

M

TIME &
STATE EVENTS

CONTINUOUS CHANGE SYBTEMS

DISCRETE CHANGE SYSTEMS

STATE-OF-THE.SYSTRM
CHANGES DISCRETELY AT

STATE CMANGES CONTINUOUBLY
wiln Tusl

‘l‘ Aockwaell Intsrnational

Spsce Transpertalion
Sysioms Division



Mixed Time- and Event-Driven Models Simulation Provides Flexibility for Issues Resolution
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Tests are Performed In Ditferent Environments Based
on Test Objectives and Simulation & Testing Capabilities
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Rockwell international
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Simulation Software

Space Transportation Systems Division

Advanced Simulation IR&D Reflects Our Near Term Testbed Design Trends

‘L Noskwett Imernstional
Somns Tranaponaion Sysesm Olvisten

EY 1989 EY 1390 M
EXECUTIVE 89296 TASK 1 90208 TASK 1 REAL-TIME SiM TASK 1
ey voRK EXPANCED o AEHOST PARALLEL m
4 OPEM PROTOTYPE FRAMEWORK [——— — N HAROWARE & HUMAN |y
EXTENSIONS mA DISTRIBUTED THE BN 2000 IN-THE.LOOP REAL- TWE
TION SIMULATION EXECUTIVE MULTIPROCESSOR CAPABIUTIES/ INTERFACES
EXTENDED FRAMEWORK EXECUTIVE
3 *
00288 TASK 2 TASK 2
90206 TASK 2 unge e
EXPERT - TIME-CRITICAL -Tg
REALTIME EXPERT  |——3YSTEM PARALLEL DISTRIBUTED N
o EXPERT 8YS EXPEAT SYSTEM
SYSTEM ADOITIONS ARCHITECTURE EXPERT SYSTEM ety CONTROLLER
- T ) MULTIPROCESSOR
SYSTEM CAPANLITY TARGET MULTIPROCE SSOR
(]
99208 TASK 3 CAPITAL BUY : ; CAPITAL BUY
SELECTED [ ;
' BON TC 2000 :
WULTIPROCESSOR  |——TARGET BB TC 2000 —_— HIGH RE i
b1 AEaL TR CAPABILITY TIPROCESSOR MULTIPROCESSOA ! MULTIPROCESSOR ; SOLUTION
e PURCHASE ; ::g %P:‘MM : [ .
et [ PR P, cood
TARGET MUALTIPROCESSOR 88N MULTIPROCESSOR cmes'
4 o
20298 TASK & ~TIME 90296 TASK 3 ] TASK )
_— 70!:" EVALUATION ADA REAL TIME PARALLEL | %’A‘:‘W
REAL.TIME ADA CAPABILITY OISTRIBUTED PROCESSAG = smauranonwrin  — e en "
4 REPORT WITH MIXED LANGUAGES MIXED LANGUAGES DISPLAYS
CAPABILITY FOR
83208 TASK 8 UNEAR ADAPTIVE 90208 TASK ¢ CONTINUOUS SIM TASK4
CONTROLLER AND WITH AUTOMATIC
- TESTBED CONTINUOUS SIMULATION [o— NEURAL NETWORK
_— fe—  coot
DEMONSTRATION HARDW:;‘TBT WITH PARALLEL AISC ~ GENERATOR N THE LOOP [
FOR ADAPTIVE BEO OE! MULTIPROCESSOR 88N 2000 SIMULATION
MULTIPROCESSOR TEST 88D A cED
s oY ] =
.......................... CERV PHASE B
L—s nvPersome viricLs | EXPANOED HSV S o)  SABIR FASEC
SIMULATION & VWS ASAT PHASE B
SIMULATION CONTRACTS
i eeeeavesmasmeememsmananed - |

] panTOF PROCT 208
{71 NOTPART OF PROCT 208



Distributed Parallel Multiprocessor Simulation Framework
Is Planned for Multiyear IR&D Implementation
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More Simulation Control and Visibility,
Data Access, and Expert Knowledge Needed -
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* RECOMMENDATIONS
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* DATA REDUCTION & ACQUISITION

CONTROL

1 REPORT
‘] GENERATOR

T——D DATA FLOW

REPORT ——» CONTROL

DOCUMENT >

USER
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Combined-Modeis Mixed-Languages Distributed Simulation Framework
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A Multiprocessor With an Integrated Systems Engineering Environment

e
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Engineering
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Gfaphical System
Modeling

‘L‘ Rockwell international \

Space Transportation Systems Division

CODE GENERATION

TARGET MULTIPROCESSOR



Framework Allows Cybernetic System
Modeling

EXPERT SYSTEM SYSTEM
DISTURBANCE
RULES PROCESS
ACTION
INFERENCE COMMAND REGULATOR * OBJECT
ENGINE > PROCESS PROCESS
CONTROL -—
4
4
KNOWLEDGE
BASE <JACTION OUTCOME MESSAGE STATE OF
N AT CONTROLLED
VARIABLES

+ ROCKWELL CYBERNETIC SYSTEM MODELING PROVIDES
SYSTEMATIC APPROACH TO DEFINE BATTLE MANAGER RULES

’L' Rockwell International

Scace Transportation
Systems Division

Discrete-Continuous, Real-time, Parallel Simulation

Prototype Is In Place
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Simulation Hardware

‘ A‘ Rockwaell international

Space Transportation Systems Division

Representative MIMD Parallel Computers

PARALLEL COMPUTERS

MISD MIMD siM0
l
MULTIPROCESSORS MULTICOMPUTERS
SHARED 1HIHOHY DISTRIBUTED MEMORY
8US CONNECTION SWITCHING NETWORK SWITCHING NETWORK
HIERARCHICAL CACHING CROSSBAR BUTTERFLY HYPERCUBE
| |
ENCORE ALLIANT TOPOLOQY 88N INTEL
MULTIMAX FX/80 1000 BUTTERFLY | | PSC/2

‘ l Rockwell International

Space Transportation Systems Division



A Technical Evaluation is Performed to Select Simulation Computers
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A BBN TC 2000 Multiprocessor Provides an Excellent Simulation Platform

TARGET APPLICATIONS

* HARD REAL-TIME SYSTEMS
' TIME CRITICAL APPLICATIONS
* HARDWARE IN THE LOOP
* HUMAN IN THE LOOP
* MIXED MODELS
* MIXED LANGUAGES
* COMPLEX SYSTEMS
-SABIA, ASAT

FEATURES

* MiMD COMPUTER

* SHARED MEMORY

* BUTTERFLY SWITCH NETWORK
* CLUSTER COMPUTING

* DUAL OPERATING SYSTEM

* SCALABLE

* HIGH PERFORMANCE

* EXPANDABLE ARCHITECTURE

SPECIFICATIONS

* 40 PROCESSORS (EXPANDABLE TO 504)

* MOTOROLA 80100 RISC MICROPROCESSORS

*17 X 40 = 680 "VAX" MIPS PEAK

" 20 X 40 = 800 MFLOPS PEAK

* 16 X 40 = 640 MBYTES OF SHARED MEMORY

* 38 X 40 = 1520 MBYTES/SEC NETWORK BANOWITH
' PSOS+ REAL-TIME OPERATING SYSTEM

* MACH OPERATING SYSTEM

* FORTRAN, C, ADA, & ASSEMBLY LANGUAGES

'L‘ Rockwell international

Space Transpontalion Systems Division

A Powerful Multiprocessor Offers a Flexible Simulation Test Bed
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Shuttle Non-Homogeneous Loosely-Coupled Simulation

OOWNLINK

s GPC INITIALIZATION AND MODING ) — Pm =]
DECOM I/F DECOM i:F

PO* 11 SIGMA MASTER NOVA 1 MOV A 840
Grys oS o contaoul 15 oata coLecr YTYTTIN Ea
A "o [*1 |consore e crenimiaLization e 1 e 0ATA
DRIVE 1MCC » MOOE CONTROL COLLECTION
B cocKkmT
« CONTAOLS 00 28 e
» DISPLAYS
00
° sensons o coCKeT DIsCRETES sicMa SGMA
[ oawano ; e NOVA U/F
F{'NTEAFACE
A uwr T [ - 3 k)
) o HINGE .-—‘ucs L
A MOMENT
; e ctrrcent | o ary S——
¢
£ ocy 3 ocu4 SIGMA S T s‘?::g:umn:
5 o WIND o TOLER o AERQ PARAMETERS *
b o TURBULENCE[ ~ ANCES o AERO FaM O Aaons
H . AR » VARIA- o MASS PROPERTIES sy H VISUAL
o COEFRICIENT] ° TiONS ¢ EARTH & RUNWAYS . MIGID ¢ e
s * ADLLOUT MOOEL . FLEX . AA
o « BODY ATTITUDE o TOLERANCE %08
s ECLIPSE o TRANSLATION EOM ¢ VARIATIONS o MSBLS
5 » PLUMBING VALVES o ATMOSPHERES M
¥ » PROPELLANT ACCOUNT o WINOS & GUSTS o MU2
M + JET/OMS FAILURES o TURBULENCE gl
v | [Resmicho ECLIPSE o JET AEROOYNAMICE o SENSOR NOISES e baive
€ | jenocessOR MICRO. b0 o JET IMPINGEMENT 1:0) ECLIPSE {1/0f o NOVA 1DATA EAI PACEN 108 o COCKPIT SW
M & By PROCESSOR ¢ SETINTERACTION SIGMA o INITIALIZATION EALPACER 100
o THAUS DCA o TAPE YAITE
o FAILURES WF * JETS FAM \F ® GPCICOATA . . IFU IO
« ous FaM o ADC & DAC + rots
AOTATIONA FAILUR
AL eoM = o STATIC CHECK
» HINGE MOMENTS
FAILURE <+ '
AfT 1 SYSTEM = L * i ?
L dINTenFACE f—d | BUFFER 16 0AC 180AC | sensamss 4 0AC [saoac| [r20ca] [ 1200 ——
NIt ACTUATORS 110 ™% T T
EAILTBV 2
EAi 7813
(TN « LEFT OUTBOARD SLEFT INSOARD Eam 4 €A 7837 EaLre) 8
et £ " e || e  w o
SPEED BRAK « RIGHT DUTBOARD » BOOY £{ ENGINE ]
0 BAAKE eLEvon + BIGHT INBOARD o AGA AA ACTUATORS ACTUATORS
« MODE CONTADL
L 4 )y Jul ) 4

‘x‘ Rockwaell International

Spacs Transportation Systems Division

Present HSV Non-Homoleneous LooseIJ-Coupled Simulation
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Homogeneous Closely-Coupled Multiprocessor Simulation Testbed
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Summary of Trends in Simulation Design at the ASSTC

Open Parallel Multiprocessor Architecture

Homogeneous Processors

Powerful Software Framework and Kernel

Mixed Languages Simulation

Combined Continuous and Discrete-Event Models

More Complex and Higher-Fidelity Simulations

Combined Software Development and Multiple Execution Environment
Integrated Graphic Processing

Integrated Knowledge-Based System

O O 0O O 0O 0O 0O 0 0 0

Support Program Phases Efficiently

‘A‘ Rockwel! International

Space Transponation Systems Oivision






DESIGN STRATEGY
FOR
REAL-TIME SIMULATION

KENNETH M. STERN
TECHNICAL STAFF
AEROSPACE SIMULATION AND
SYSTEMS TEST CENTER
ROCKWELL INTERNATIONAL

.
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DESIGN OBJECTIVES
« MODULARITY

« FLEXIBILITY

« EXTENSIBILITY

- VERIFIABILITY

oooooooooooooooooooooooooooooooooo

PREVIOUS DESIGN METHODS

MOCKUPS
CONTROLS & DISPLAYS
VISUAL SCENE GENERATION

DRAWBACKS

e DIFFICULT / TIME CONSUMING
TO CHANGE

e LACK OF FLEXIBILITY FOR
FUTURE MODIFICATION




FLEXIBLE DESIGN STRATEGY

PROTOTYPING IS KEY
SOFTWARE REQUIREMENTS
o 3D CAD / ANALYSIS / ANIMATION
* DISPLAY GENERATION
e ADVANTAGES
OFF-THE-SHELF
TAILORABLE

Space Transportation Systems Oivision

FLEXIBLE DESIGN STRATEGY

HARDWARE REQUIREMENTS
e GRAPHICS WORKSTATIONS
e LOW COST IMAGE GENERATORS
e ADVANTAGES
e OFF-THE-SHELF
* ADAPTABLE

.................................



FLEXIBLE DESIGN STRATEGY

GENERATE PROTOTYPE MODELS OF

e SIMULATOR MODELS

* MOCKUPS

* CONTROLS AND DISPLAYS
TOUCH SCREENS

e VISUAL SCENES

“‘ Rockwell Internationsl
Space Transportation Systems Divisioa

FLEXIBLE DESIGN STRATEGY

USES

o CONTROLS AND DISPLAYS

REACH / CLEARANCE TESTS

VISION ANALYSIS - WINDOW PLACEMENT
INSTRUMENT LAYOUT

MISSION ANALYSES

FACILITY LAYOUT

‘X‘ Rockwell _International

Space Transportation Systeams Oiv tsion



FLEXIBLE DESIGN STRATEGY
COST / TIME SAVINGS

e SAVES VALUABLE SIMULATOR TIME
« OFFLOADS TASKS WHICH DON'T
NEED SIMULATION
ALLOWS RE-USE OF DATABASES
NO NEED TO RE-DESIGN EACH TIME
« ELIMINATES COST/TIME ASSOCIATED
WITH FIXED OR PHYSICAL MODELS
| Yp— :

ace Transportation Systems Oivislon

FLEXIBLE DESIGN STRATEGY
FUTURE BENEFITS

. COST EFFECTIVE SOLUTION FOR
EVOLVING DESIGN IDEAS

e ALLOW VISUALIZATION OF PRELIMINARY
ENGINEERING DESIGN CONCEPTS

« ITERATIVE PROCEDURAL DESIGN
o ENGINEERING ORIENTED

. ENABLES USING PREVIOUS DESIGN IDEAS
‘A‘ :l::kmn Internations! .

ace Transportatlon Systems Olvision






